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(54) SURFACE TREATMENT COMPOSITION FOR METALLIC MATERIAL AND METHOD FOR 
TREATMENT 

(57) In the composition of the surface-treatment agent used for metallic material, a composition having such high 
corrosion-resistance as to replace the chromate coating is provided. In the composition of the surface-treatment agent 
provided for the metallic material, fingerprint resistance, blackening resistance and adhesiveness of paint coating are 
also improved. The metallic material is treated by an acidic surface-treating agent comprising the following compo- 
nents: 



CO 
LO 
CO 

CD 



CL 
LU 



(A) a cationic component, which consists of divalent or higher valent metallic ions selected from the group consist- 
ing of manganese, cobalt, zinc, magnesium, nickel, iron, titanium, aluminum and zirconium; 

(B) at least one acid component selected from the group consisting of (1) fluoro-acid which contains four or more 
fluorine atoms, and one or more elements selected from the group consisting of titanium, zirconium, silicon, haf- 
nium, aluminum and boron, (2) phosphoric acid, and (3) acetic acid; 

(C) a silane coupling-agent component which consists of one or more compounds which contain at least one reac- 
tive functional group selected from an amino group containing active hydrogen, an epoxy group, a vinyl group, a 
mercapto group and a methacryloxy group; 

(D) one or more water-soluble polymer components whkjh are expressed by the following general formula (I) and 
has a polymerization degree of from 2 to 50 of the polymeric unit. 
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Description 

Technical Field 

5 [0001] The present invention relates to the composition of a surface-treatment agent and the treating method, which 
can impart to the surface of metallic materials a high corrosion-resistance and can form a film having improved finger- 
print resistance, blackening resistance and adhesiveness of the paint coating. 

Background Technique 

to 

[0002] Such metallic materials as steel sheets plated with a zinc-containing metal, aluminum sheets and the like are 
used in broad fields such as automobiles, building materials and appliances. However, the zinc and aluminum used in 
these metallic materials are corroded in ambient air to form a corrosion product which is the so-called white rust. This 
corrosion product disadvantageous^ impairs the appearance of metallic materials and further detrimentally effects the 
15 adhesiveness of the paint coating. 

[0003] Therefore, in order to improve corrosion-resistance and adhesiveness of paint coating, chromating is usually 
applied on the surface of metallic materials by using a treating agent which contains as the main components chromic 
acid, bichromic acid or its salts. 

[0004] Nevertheless, chromating is liable to often avoided because consciousness of environmental conservation is 
20 recently intensified. The hexavaient chromium contained in the chromating liquid used for treating the surface of metal- 
lic materials exerts detrimental influence directly upon the human body. In addition, the waste water, which contains 
hexavaient chromium, must be subjected to special treatment as stipulated under the Law of Prevention of Water Pol- 
lution. This is a reason that the total cost of the surface-treated metallic materials is considerably increased. In addition, 
when the equipment, in which the chromated metallic material is used, is discarded, the metallic material becomes 
25 industrial waste which, however, contains chromium. Although these materials are chromium-source, a serious disad- 
vantage is that they cannot be recycled. This involves a socially serious problem. 

[0005] Meanwhile, a well-known surface treating method other than chromating is that using a surface-treating agent 
which contains tannic acid which, in turn, contains polyphenol carboxylic acid. When the metallic material is treated with 
an aqueous solution of tannic acid, a protective film is formed by the reaction between the tannic acid and the metallic 
30 material. It is believed that since the protective film acts as a barrier against intrusion of corrosive material, the corro- 
sion-resistance is enhanced. 

[0006] However, since, recently, high corrosion-resistance of the film per se is required along with quality enhance- 
ment of the products, the corrosion-resistance attained by the tannic acid alone or the tannic acid together with an inor- 
ganic component falls short. It is not possible for such film, therefore, to be put to practical use under the present 
35 situation. 

[0007] There is a disclosure in Japanese Unexamined Patent Publication (kokai) No. Sho 53-121034 to enhance the 
corrosion resistance, that is, an aqueous solution, which contains water dispersive silica, alkyd resin and trialkoxy silane 
compound, is applied on the metal surface and dried to form the coating film. 

[0008] There are disclosure in Japanese Unexamined Patent Publications (kokai) Nos. Sho 57-44,751 and Hei 1- 
40 1 77,380 of a surface treatment method, in which a water-soluble resin consisting of a hydroxypyrone-compound deriv- 
ative is used to impart to the metallic material the corrosion-resistance, and a method, in which a water-soluble or 
water-dispersive polymer of a hydroxystyrene compound is used to impart to the metallic material the corrosion resist- 
ance. 

[0009] However, none of the above-described methods can form a film which has sufficiency high corrosion-resist- 
45 ance capable of substituting for the chromate film. The practical issue is, therefore, that the above-described problems 
have remain unsolved. Accordingly, it is strongly required under the present situation that the non-chromate surface- 
treatment agent and the treatment method be developed for the metallic material to improve corrosion-resistance. 
[0010] It is an object of the present invention to solve the above described problems involved in the prior art, and to 
provide a non-chromate type surface-treatment agent for metallic materials, which agent can form on the surface of 
so metallic material a film having improved corrosion-resistance, and which agent can improve fingerprint resistance, 
blackening resistance and adhesiveness of the paint coating. It is also an object of the present invention to provide a 
surface-treating method using the non-chromate type surface-treatment agent. 

Disclosure of Invention 

55 

[001 1 ] The present inventors repeatedly undertook intensive study to solve the problems involved in the prior art and 
discovered that a film, which exhibits improved corrosion-resistance, fingerprint resistance, blackening resistance and 
adhesiveness of the paint coating can be formed by means of treating the surface of metallic material with an acidic 
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. ^.treating agent whj^Qor^ins a specific catipnic cdrApbneht> a silane coupling agent and a water-soluble polymer hav- 
.;• iricj a sp^j&chern^ll^cture. The present invention was thus completed. 
[001 2] Namely, thie composition of surface-treatment agent used for the metallic material is characterized by contain- 
ing an aqueous medium and the following components dissolved in the aqueous medium. 

5 

(A) A cationic component, which consists of divalent or higher valent metallic ions selected from the group consist- 
ing of manganese, cobalt, zinc, magnesium, nickel, iron, titanium, aluminum and zirconium. 

(B) At least one acid component selected from the group consisting of (1) fluoro-acid which contains four or more 
fluorine atoms, and one or more elements selected from the group consisting of titanium, zirconium, silicon, haf- 

10 nium, aluminum and boron, (2) phosphoric acid, and (3) acetic acid. 

(C) A silane coupling agent component which consists of at least one compound which contains at least one reac- 
tive functional group selected from an amino group containing active hydrogen, an epoxy group, a vinyl group, a 
mercapto group and methacryloxy group. 

(D) At least one water-soluble polymer component, the polymerization unit of which is expressed by the following 
is general formula (I) and has from 2 to 50 of the average polymerization degree n. 




In the formula (I), X 1 bonded to the benzene ring expresses a hydrogen atom, a hydroxyl group, an alkyl group of 
C-, to C 5 , a hydroxylalkyl group of C-, to C 10 , an aryl group of C 6 to C 12 , a benzyl group, a benzal group, an unsatu- 
rated hydrocarbon group (formula II) which condenses with said benzene ring to form a naphthalane ring, or for- 
mula (III) mentioned below, 



40 



45 



50 
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In the formula (II) X 2 bonded to the benzene ring expresses a hydrogen atom, a hydroxyl group, an alky I group 
of C-i to C 5 , a hydroxyalkyl group of to C 10 , an aryl group of C 6 to C 12 , a benzyl group and a benzal group, R 1 
and R 2 in the formula (III) express, each or independently from one another, a hydrogen atom, a hydroxyl group, an 
alkyl group of C<\ to C 5 or a hydroxy-alkyl group of C 1 to C 10 , and Y 1 and Y 2 in the formula (I), (II) and (III) bonded 
to the benzene ring express each or independently from one another a Z group expressed by the following formula 
(IV) and (V): 



40 
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in^&id formula flV) and (V), R 3 , R 4 , R 5 , R 5 and R 7 express, each or independently from one another, a hydro- 
gen atom, an alkyl group of to C 5 or a hydroxyalkyi group of C 1 to C 10 . each of X 1 , Y 1 and Y 2 coupled to a 
5 benzene ring of said polymerization units may be the same as or different from the X 1 , Y 1 and Y 2 coupled to 

the other benzene rings, and the average substitution value of said Z group in each benzene ring of said poly- 
mer molecules is from 0.2 to 1 .0 in average. 

[0013] Preferably, the composition of surface-treatment agent according to the present invention contains from 0.01 
10 to 10% by weight of the cationic component based on the solid matter thereof. 

[001 4] Preferably, the composition of the surface-treatment agent according to the present invention contains from 0.1 
to 15% by weight of the acid component (B) consisting of (1) fluoroacid, (2) phosphoric acid and/or (3) acetic acid based 
on the total solid matters thereof. 

[001 5] Preferably, the weight ratio of the silane coupling-agent component (C)/ water-soluble polymer component (D) 
75 is from 1/10 to 10/1. 

Best Mode for Carrying Out Invention 

[0016] The surface-treatment method according to the present invention is also characterized in that the aqueous 
20 treating liquid, which contains the composition of the surface-treatment agent used for the metallic material according 
to the present invention and the pH of which is adjusted in a range of from 2.0 to 6.5, is deposited on the surface of 
metallic material and is dried to form a film having from 0.01 to 5.0g/m 2 of dry weight. 

[0017] In the composition of surface treatment-agent according to the present invention, the silane coupling-agent 
preferably contains (a) the first silane component having one or more active hydrogen-containing amino groups and (b) 

25 the second silane coupling-agent which consists of one or more compounds having one or more epoxy groups. Prefer- 
ably, the equivalent ratio of the active hydrogen-containing groups of said first group silane couplingagent (a) relative to 
the epoxy group contained in the second silane coupling-agent (b) is from 3:1 to 1 :3. Preferably, the weight ratio of the 
total of the first silane coupling-agent (a) plus the second silane coupling-agent (b) relative to the water-soluble polymer 
component (D), i.e., [(a) + (b)]/(D) is from 5/1 to 1/5. 

30 [0018] The composition of the surface-treatment agent used for the metallic material according to the present inven- 
tion is an acid aqueous solution, in which the cationic component comprising the specified divalent or higher valent met- 
als, a silane coupling agent component consisting of one or more compounds having a specified reactive functional 
group, and a water-soluble polymer component consisting of at least one phenol-resin based polymer containing a spe- 
cial amino group are dissolved in the aqueous medium. 

35 [001 9] The cationic component (A) used in the present invention and consisting of the divalent or higher valent metal 
ions contains at least one metal selected from manganese, cobalt, zinc, magnesium, nickel, iron, titanium, aluminum 
and zirconium. As long as these metals are contained, the method of supplying them is not particularly limited. Specific 
preferable examples of the supplying method is the addition in the form of carbonate, phosphate, nitrate, sulfate, ace- 
tate, fluoride salt, oxide salt or metal. Metallic ions other than the above-mentioned ones are not preferable because 

40 high corrosion-resistance is not obtained. 

[0020] The concentration of the cationic component is preferably from 0.01 to 1 0% by weight relative to the total solid 
matters of the composition of the surface-treatment agent according to the present invention. When this content is less 
than 0.01% by weight, the film depositing characteristics are not yet so satisfactory such that the corrosion -resistance 
may be impaired. On the other hand, when the cationic component exceeds 10% by weight, the stability of the compo- 

45 sition of the surface-treatment agent and the aqueous treating liquid containing such composition is impaired. 

[0021] The acid component (B) in the surface-treatment composition in the present invention contains at least one 
selected from the group consisting of (1) fluoro-acid which contains at least four fluorine atoms, and one or more ele- 
ments selected from the group consisting of titanium, zirconium, silicon, hafnium, aluminum and boron, (2) phosphoric 
acid, and (3) acetic acid. The blending amount of these components is not particularly limited. It is, however, preferable 

so that the pH of the composition of the surface-treatment is adjusted to 2.0 to 6.5 by that acid component. In addition, the 
acid component is preferably contained at 0.1 to 15% by weight relative to the total solid matters of the composition of 
the surface-treatment agent according to the present invention. When the acid component is less than 0.1% by weight 
relative to the total solid matters, the pH cannot be adjusted within the above mentioned range, with the result that the 
film-depositing characteristic is impaired and the corrosion-resistance is degraded. In addition, when the weight per- 

55 centage of the acid component relative to the total solid matters exceed 15% by weight, the stability of the composition 
of the surface-treatment agent and the aqueous treating liquid may be impaired. 

[0022] The silane coupling-agent component (C) used in the present invention may have any non-limited structure, 
provided that it contains as the reactive functional group at least one selected from an amino group containing active 
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hydrogen, an epoxy group, a vinyl group, a mercapto group and a methacryloxy group. As specific examples the follow- 
ing compositions (1) - (5) can be listed and can be used. 

(1) One having an amino group 

5 

[0023] 

N-(2-aminoethyl) 3-aminopropyl methyldimethoxysilane, N-(aminoethyl) 3-aminopropy! trimethoxysilane, and 3- 
amino-propyltriethoxysilane 

10 

(2) One having an epoxy group 
[0024] 

is 3-giycidoxypropyl trimethoxisilane, 3-glycidoxy-propyl methyldimethoxysilane, and 2 - (3, 4 epoxycyclohexyl) ethyl 
trimethoxysilane 

(3) One having a vinyl group 
20 [0025] 

Vinyltriethoxysilane 

(4) One having a mercapto group 

25 

[0026] 

3 - mercaptopropyl trimethoxisilane 
30 (5) One having a methacryloxy group 
[0027] 

3 - methacryloxypropyl trimethoxysilane and 3 - methacryloxypropyl-methyldimethoxysilane 

35 

[0028] The silane coupling-agent component (C) used in the present invention preferably consists of (a) a silane cou- 
pling-agent consisting of at least one compound having an active-hydrogen containing an amino group and (b) a silane 
coupling-agent consisting of at least one compound having one or more epoxy groups. 

[0029] In a case, where the first and second silane coupling agents are used in the surface-treatment agent of the 
40 present invention, and hence the reactive functional groups of the silane coupling-agents are an amino group having 
active hydrogen and an epoxy group, the equivalent ratio of the amino group having active hydrogen to the epoxy group 
is preferably in a range of 3:1 to 1 :3. When the equivalent ratio of the amino group having active hydrogen to the epoxy 
group exceeds 3:1 and hence the amount of the amino group is excessive, the film-depositing property of the film 
obtained by treatment is of so poor that corrosion-resistance, fingerprint resistance, blackening resistance and adhe- 
45 siveness of the paint coating are not satisfactory. In addition, when this equivalent ratio is less than 1 :3, corrosion-resist- 
ance, fingerprint resistance, blackening resistance and adhesiveness of the paint coating on the film obtained by the 
treatment are saturated and hence such film is economically useless. 

[0030] The water-soluble polymer (D) used in the present invention is an oligomer or polymer which contains the pol- 
ymer expressed by the above-mentioned (I) and (II). The average polymerization degree of the polymeric unit of the tor- 
so mula (I) and (II) is from 2 to 50. 

[0031] In the formula (I), X 1 bonded to the benzene ring expresses the hydrogen atom; the hydroxyl group; the alkyl 
group of C-i to C 5 , e.g., methyl, ethyl, propyl groups and the like; the hydroxyalkyl group of C 1 to C 10 , e.g., hydroxyme- 
thyl, hydroxyethyl, hydroxypropyl groups and the like; the aryl group of C 6 to C 12 , e.g., phenyl, naphthyl groups and the 
like; the benzyl group; the benzal group; unsaturated hydrocarbon group (formula II). which condenses with said ben- 
55 zene ring to form a naphthalane ring, i.e.. -CH=CH-CH=CH- or =CH-CH=CH-CH= group or the above formula (III). In 
the formula (I) I, X 2 bonded to the benzene ring expresses the hydrogen atom; hydroxyl group; the alkyl group of to 
C 5 , the hydroxyalkyl group of C n to C 10 , the aryl group of C 6 to C 12 , the benzyl group and the benzal group. 
[0032] In the formula (III), R 1 and R 2 express: each or independently from one another, the hydrogen atom; the 
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;|hydroxyl group; thecal j&tgirqup of to C 10 , : 6'.g: t rrVethyl, ethyl, propyl groups and the like; or hydroxyalkyl group of 
y Xo GjQ, e .^Sj?^ro*^ hydroxyethyl, hydroxypropyl groups or the like. 
[0033] ' Y&and Y 2 tionded to the benzene ring in (I), (II) and (III) has: each or independently from one another, the 
hydrogen atb'm or the Z group expressed by the formula (IV) or (V). In addition, R 3 , R 4 , R 5 , R 6 and R 7 in the formula 
5 (IV) or (V) express: each or independently from one another, the alkyl group of C-| to C 10 , e.g., methyl, ethyl, propyl 
groups and the like, and the hydroxyalkyl group of C-j to C 10 , e.g., hydroxy methyl, hydroxyethyl, hydroxypropyl groups 
and the like. 

[0034] X 1 and Y 1 (in formula (I)), X 2 and Y 1 (in formula (I!)), and Y 2 (in formula (III)) coupled to each benzene ring of 
the above-mentioned polymer molecules may each be the same as or different from the X 1 , Y 1 and Y 2 coupled to the 

10 other benzene rings. In addition, the average substitution value of said 2 group in each benzene ring of said polymer 
molecules is from 0.2 to 1 .0 in average. In the formula (I) and (II) n indicates the average polymerization degree of from 
2 to 50. When n is less than 2, the molecular weight of the obtained polymer is too small to attain corrosion -resistance 
of the obtained film. In addition, when n exceeds 50, the stability of the obtained composition of the surface-treatment 
agent as well as the water-soluble treating liquid, which contains said composition, is poor, thus causing practical incon- 

15 venience. 

[0035] The average Z-group substitution value is the average of the Z groups introduced in each of all the benzene 
rings of the polymer molecules. For example, when n = 10 in the formula (I) and further X 1 is the benzene-containing 
group of the formula (III), then the number of benzene introduced per one molecule of the polymer is 20. When one Z 
group is introduced in the ten benzene rings per one polymer molecule, the average value of the Z-group substitution 

20 in the polymer is ((1 x 10) + (0 x 10)]/20 = 0.5. When the average Z-group substitution value is less than 0.2, the water- 
soluble property of the obtained polymer is unsatisfactory and, hence the stability of the composition of the surface- 
treatment agent and the aqueous treating liquid obtained from that composition is poor. On the other hand, when such 
value exceeds 1.0, the water-soluble property of the obtained polymer becomes excessive so that the soluble property 
of the obtained film is increased such that the corrosion-resistance becomes unsatisfactory. 

25 [0036] R 3 - R 7 in the Z group, which is expressed by the formula (IV) and (V), each express the alkyl group of C 1 to 
C 5 and the hydroxyalkyl group of to C 10 . When the carbon number of these groups is 1 1 or more, the film-depositing 
property is so low that the corrosion-resistance of the obtained coating becomes unsatisfactory 
[0037] In the surface-treating agent of the present invention, the weight ratio of the silane coupling agent (C) to the 
water-soluble polymer (D) is preferably from 1:10 to 10:1, more preferably from 1 :1 to 5:1. When this ratio is less than 

30 1:10, that is, the ratio of silane coupling-agent is low, since the strength of adhesion on the substrate surface is lowered, 
the corrosion-resistance and the adhesiveness are lowered. When that ratio exceeds 10:1, that is, the ratio of contained 
silane coupling agent becomes excessive, the film-depositing speed of the obtained surface-treatment composition is 
lowered and hence the corrosion-resistance becomes unsatisfactory. 

[0038] Preferably, the pH of the aqueous surface treating liquid, which contains the composition of the surface-treat- 
35 ment agent according to the present invention, is adjusted in a range of from 2.0 to 6.5. In a case of raising the pH of 
the aqueous surface-treating liquid, it is preferable to use as the adjusting agent ammonium water, hydroxide salt and 
the like. In a case of lowering the pH of the aqueous surface-treating liquid, it is preferable to use as the adjusting agent 
the acid component (B) used in the present invention. When the pH is less than 2.0, the reaction of the substrate sur- 
face becomes excessive so that failure in the film formation is incurred. As a result, corrosion-resistance, fingerprint 
40 resistance, blackening resistance and adhesiveness of paint coating become unsatisfactory. In addition, when the pH 
exceeds 6.5, the water-soluble polymer per se is liable to precipitate and deposit from the aqueous treating liquid. The 
life of the aqueous surface-treating liquid is, therefore, shortened. 

[0039] It is also preferable in the method according to the present invention to deposit on the surface of metallic mate- 
rial the aqueous surface-treating liquid and dry it to provide from 0.01 to 5.0 g/m 2 of dry weight. When the weight of the 

45 film after drying is less than 0.01 g/m 2 , it is difficult to coat the metallic material so that corrosion-resistance, fingerprint 
resistance, blackening resistance and adhesiveness of the paint coating become unsatisfactory. When the weight of the 
film after drying exceeds 5.0g/m 2, adhesiveness of the paint coating is lowered. The method for depositing the aqueous 
surface-treating agent is not particularly limited. For example, immersing method, spraying method, roll-coating method 
and the like can be applied. The treating temperature and time are also not particularly limited. The aqueous surface- 

so treating liquid layer is dried on the surface of the metallic material preferably under heating. The heating temperature is 
preferably from 50 to 250°C. After heating, water cooling may be carried out, if necessary. 

[0040] A filler and a lubricant may be blended into the composition of the surface-treatment agent according to the 
present invention. Zirconia sol, alumina sol, silica sol and the like can used as the filler. Polyethylene wax, polypropylene 
wax and the like can be used as the lubricant. The above-mentioned filler and lubricant may be preliminarily blended 
55 into the composition of the surface-treatment agent according to the present invention. 

[0041] The metallic material, which is subjected to the surface-treatment according to the present invention, is not 
particularly limited with regard to kind, dimension, shape and the like. For example, the metallic material can be 
selected from a steel sheet, a steel sheet plated with the zinc-containing metal, a tin-plated steel sheet, a stainless steel 
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sheet, an aluminum sheet, aluminum alloy sheet and the like. 

[0042] The metallic material, which is treated by the composition of the surface-treatment agent of the present inven- 
tion, has greatly improved corrosion-resistance, fingerprint resistance, blackening resistance and adhesiveness of paint 
coating. Its mode of operation and effects are described. 
5 [0043] First, when the surface of the metallic material is brought into contact with the aqueous surface-treating agent, 
which contains the composition of the surface-treatment agent, the etching of the metal surface occurs due to the acid 
composition in the treating liquid. This results in a rise of the pH at the interface. The dissolved metallic ions, the divalent 
or higher valent cationic component in the surface-treating liquid, and the water-soluble polymer are brought into reac- 
tion to form on the interface a hard-to-dissolve resin coating. This hard-to-dissolve resin coating seems to exhibit a bar- 
to rier effect that corrosion-resistance of the metallic material, fingerprint resistance, blackening resistance and 
adhesiveness of the paint coating are enhanced. However, since the adhesiveness of the metallic material treated as 
above and the film is low, the silane coupling agent is concomitantly used. The functional group (-OR) of the silane cou- 
pling agent, which has undergone hydrolysis, forms an oxane bond with the surface of the metallic material. In addition, 
the adhesiveness of the metallic material and water-soluble polymer as well as that of the organic paint and water-sol- 
15 uble polymer is enhanced, presumably because the functional group of the silane coupling-agent reacts with the water- 
soluble polymer and the organic paint. 

[0044] The present invention is described by way of the following examples which do not limit the scope of the present 
invention. 

[0045] The metallic materials, their surface cleaning methods and the aqueous surface-treating liquids used in the 
20 following examples and comparative examples are described hereinafter. 

1 . Tested Materials 
[0046] 

25 

1 Cold-rolled sheets 

Commercially available product: 0.6 mm of sheet thickness. JIS G3141 
30 2 Steel sheet plated with a zinc-containing metal 

a. commercially available product; 0.6 mm of sheet thickness; electrogalvanized steel sheet on both surfaces 
(EG material). Depositing amount - 20g/m 2 

b. Commercially available product; 0.6 mm of sheet thickness; Immersing galvanized steel (Gl material). 
35 Depositing amount - 40g/m 2 

c. Aluminum sheet (Al material) Commercially available product; 0.8 mm of sheet thickness; JIS A5052 

2. Cleaning Method of Metallic Sheets 

40 [0047] The surface of the above mentioned metallic materials is subjected to the spraying with the use of an aqueous 
solution of a medium-alkaline detergent agent (Registered trade mark: Finecleaner 4336, product of Nihon Parkerzing 
Co., Ltd., agent under the conditions of 60°C of treating temperature and 20 seconds of treating time, so as to remove 
the dust and oil adhered on the surface. The alkali matters left on the surface of the tested materials were linsed by city 
water to clean the surface. 

45 

3. Composition of Aqueous Treatment 
[Treating Liquid A] 

so [0048] In the water-soluble polymer 1 used, n = 5, X 1 = hydrogen, Y 1 = 2 = -CH 2 N(CH 3 ) 2 , and the average 2-group 
substituting value = 1. Both the water-soluble polymer 1 and the 3 -mercapto-propyl trimethoxysilane were blended to 
provide 3:1 of the latter weight ratio relative to the water-soluble polymer 1 . Zinc ions in the form of zinc acetate were 
added in an amount corresponding to 1% by weight relative to the amount of total solid matters. Furthermore, zirconium 
hydrofluoric acid was added as the acid component in an amount of 10% by weight relative to the total solid matters. 

55 Phosphoric acid was used to adjust the pH to 3.0. Subsequently, deionized water was used to dilute and to provide 5% 
by weight of the amount of the total solid matters. 
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: 4 (Treating L^uid B^^' •? ' ' ' ' 

[0049] lathe water-soluble polymer 2 used, n = 1 5, X 1 = -CH 2 -C 6 H 4 -OH, Y 1 = Z = -CH 2 N(CH 3 )C 2 H 5 OH, and the aver- 
age Z-group substituting value = 0.75. Both the water-soluble polymer 2 and the 3 - aminopropyl triethoxysilane + 3 - 

5 glycidoxy-propylmethyldimethoxysilane (the equivalent ratio of the active hydrogen-containing amino group : the epoxy 
group s 1 :3) were blended to provide 1 :1 of the latter weight ratio relative to the water-soluble polymer. Titanium ions in 
the form of titanium fluoroammonium were added in an amount corresponding to 1% by weight relative to the amount 
of total solid matters. Furthermore, titanium hydrofluoric acid was added as the acid component in an amount of 15% 
relative to the total solid matters to adjust the pH to 4.0. Subsequently, deionized water was used to dilute and to provide 

10 5% by weight of the amount of the total solid matters. 

[Treating Liquid C] 

[0050] In the water-soluble polymer 3 used, n = 5, X 1 = -CH 2 -C 6 H 4 -OH, Y 1 = Z = -CH 2 N(CH 3 ) 2 , and the average Z- 
15 group substituting value = 0.5. Both the water-soluble polymer 3 and the 3- aminopropyl triethoxysilane + 3- glycidoxy- 
propyl-methyldimethoxysilane (the equivalent ratio of the active hydrogen-containing amino group : the epoxy group = 
1 : 1) were blended to provide the latter weight ratio relative to the water-soluble polymer 3 of 5 : 1. Nickel ions in the 
form of nickel nitrate were added in an amount corresponding to 1 % by weight relative to the amount of total solid mat- 
ters. Furthermore, silicic hydrofluoric acid was added as the acid component in amount of 0.5% by weight relative to the 
so total solid matters. Acetic acid was used to adjust the pH to 5.0. Subsequently, deionized water was used to dilute and 
to provide 5% by weight of the amount of the total solid matters. 

[Treating Liquid D] 

25 [0051] In the water-soluble polymer 4 used, n = 3. X 1 =-C 4 H 3 -OH (naphthalene ring, formula II), Y 1 = Z = - 
CH 2 N(CH3)C 2 H 5 OH, and the average Z-group substituting value = 1 .0. Both the water-soluble polymer 4 and the 3 - 
aminopropyl triethoxysilane + 3- methacryloxypropyl- trimethoxysilane (the equivalent ratio of the active hydrogen-con- 
taining amino group:the methacryloxy group= 1 : 3) were blended to provide 1 :4 of the latter weight ratio relative to the 
water-soluble polymer. Manganese ions in the form of carbonate ions were added in an amount corresponding to 0.5% 

30 by weight of the amount of total solid matters. Phosphoric acid was added as the acid component in an amount of 0.2% 
by weight relative to the total solid matters. Furthermore, titanium hydrofluoric acid was used as the pH adjusting agent 
to adjust the pH to 2.5. Subsequently, the deionized water was used to dilute and to provide 5% by weight of the total 
solid matters. 

35 [Treating Liquid E] 

[0052] In the water-soluble polymer 5 used, n = 3, X 1 = -CH 2 -C 6 H4-OH, Y 1 = Z = -CH 2 N(CH 3 ) ( and the average Z- 
group substituting value = 0.5. Both the water-soluble polymer 5 and 3 - aminopropyl trimethoxysilane were blended to 
provide 4:1 of the latter weight ratio relative to the water-soluble polymer. Zinc ions in the form of zinc acetate were 
40 added in an amount corresponding to 2% by weight relative to the total solid matters. Furthermore, acetic acid was 
added as the acid component in an amount of 1 .5% by weight relative to the total solid matters. Zirconium hydrofluoric 
acid was added as the pH adjusting agent to adjust the pH to 4.0. Subsequently, deionized water was used to dilute and 
to provide 5% by weight of the amount of the total solid matters. 

45 [Comparative Treating Liquid F] 

[0053] In the water-soluble polymer 2 used, n = 5, X 1 ^-CH 2 -C 5 H 4 -OH, Y 1 = Z = -CH 2 N(CH 3 )C 2 H 5 OH, and the aver- 
age Z-group substituting value - 0.75. Both the water-soluble polymer 2 and the 3 - aminopropyl triethoxysilane + 3 - 
glycidoxypropylmethyl-dimethoxysilane (the equivalent ratio of the active hydrogen-containing amino group : the epoxy 
so group =1 :1) were blended to provide 1 :1 of the latter weight ratio relative to the water-soluble polymer. Titanium ions in 
the form of titanium f luoro-ammonium were added in an amount corresponding to 1 % by weight of the amount of total 
solid matters. The pH was adjusted by sodium hydroxide to 8.0. Subsequently, deionized water was used to dilute and 
to provide 5% by weight of the amount of the total solid matters. 

55 [Comparative Treating Liquid G] 

[0054] In the water-soluble polymer 6 used, n = 5, X 1 =-CH 2 -C 6 H 4 -OH. Y 1 = Z = -CH 2 N(CH 3 )C 2 H 5 OH, and the aver- 
age Z-group substituting value = 0.50. Both the water-soluble polymer 2 and the 3 - aminopropyl triethoxysilane + 3 - 
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glycidoxypropylmethyl-dimethoxysilane (the equivalent ratio of the active hydrogen-containing amino group= the epoxy 
group = 1:1) were blended to provide 1 :1 of the latter weight ratio relative to the water-soluble polymer. Phosphoric 
acid was added as the acid component in an amount corresponding to 15% by weight relative to the total solid matters 
to adjust pH to 4.0. Subsequently, deionized water was used to dilute and to provide 5% by weight of the amount of the 
5 total solid matters. 

[Comparative Treating Liquid H] 

[0055] In the water-soluble polymer 1 used, n = 5, X 1 = hydrogen, Y 1 = Z = CH 2 N(CH 3 ) 2 , and the average Z-group 
10 substituting ratio = 1. Zinc ions in the form of zinc acetate were added in an amount corresponding to 10% by weight 
relative to the amount of the total solid matters. Furthermore, acetic acid was added as the acid component in an 
amount corresponding to 10% by weight relative to the amount of the total solid matters. The pH was adjusted to 3.0 by 
the acetic acid. Subsequently, deionized water was used to dilute and to provide 5% by weight of the amount of the total 
solid matters. 

15 [0056] In the water-soluble polymer 1 used, n = 5, X 1 = hydrogen, Y 1 = Z = -CH 2 N(CH 3 ) 2 , and the average Z-group 
substituting value = 1. Both the water-soluble polymer 1 and the 3 - aminopropyl triethoxysilane + 3 - glycidoxypropyl- 
methyldimethoxysilane (the equivalent ratio of the active hydrogen-containing amino group :the epoxy group = 1:1) were 
blended to provide 1 :1 of the latter weight ratio relative to the water-soluble polymer. Copper ions in the form of copper 
acetate were added in an amount corresponding to 1% by weight of the amount of the total solid matters. Furthermore, 

20 acetic acid was added as the acid component in an amount corresponding to 10% by weight relative to the amount of 
total solid matters. The pH was adjusted to 3.0 by the acetic acid. Subsequently, deionized water was used to dilute and 
to provide 5% by weight of the amount of the total solid matters. 

[Comparative Treating Liquid J] 

25 

[0057] Polyacrylic acid (n = 50) was used as the water-soluble polymer 6. Both the water-soluble polymer 1 1 and the 
N - (2-aminoethyl) - 3 - aminopropyl trimethoxysilane were blended to provide 1 :4 of the latter weight ratio relative to the 
water-soluble polymer. Zinc ions in the form of zinc acetate were added in an amount corresponding to 0.5% by weight 
relative to the amount of the total solid matters. Furthermore, titanium hydro-fluoric acid was added as the acid compo- 
30 nent in an amount corresponding to 0.7% by weight relative to the amount of total solid matters. The pH was adjusted 
to 4.0 by the phosphoric acid. Subsequently, the deionized water was used to dilute and to provide 5% by weight of the 
amount of the total solid matters. 

[Example 1] 

35 

[0058] The aqueous treating agent A was applied, by a roll-coating method, on the cold-rolled steel sheet material 
which was cleaned by the above-described method. Heating and drying was carried out in such a manner to attain the 
the arrival-sheet-temperature of 150°C. 

40 [Example 2] 

[0059] The aqueous treating agent B was applied, by a roll-coating method, on the cold-rolled steel sheet material 
which was cleaned by the above-described method. Heating and drying was carried out in such a manner to attain the 
arrival sheet-temperature of 100°C. 

45 

[Example 3] 

[0060] The aqueous treating agent B was applied, by a roll-coating method, on the electrogalvanized steel sheet 
which has been cleaned by the above-described cleaning method. Heating and drying was carried out in such a manner 
so that the arrival sheet-temperature of 100°C. 

[Example 4] 

[0061] The aqueous treating agent C was applied, by a roll-coating method, on the hot-dip galvanized steel sheet 
55 which was cleaned by the above-described cleaning method/ Heating and drying was carried out in such a manner to 
attain the arrival sheet-temperature of 1 00°C. 
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± [Example S]% ; \ \\%^'^ \ ' . 

[0062] The aqueous treating agent D was applied, by a roll-coating method, on the hot-dip galvanized steel sheet 
which was cleaned by the above-described cleaning method. Heating and drying was carried out in such a manner to 
attain the arrival sheet-temperature of 80°C. 

[Example 6] 

[0063] The aqueous treating agent E was applied, by a roll-coating method, on the hot-dip galvanized steel sheet 
which was cleaned by the above-described cleaning method. Heating and drying was carried out in such a manner to 
attain the arival sheet-temperature of 200°C, immediately followed by dipping in water for cooling. 

[Example 7] 

[0064] The aqueous treating agent B was applied, by a roll-coating method, on the aluminum sheet material, which 
was cleaned by the above described cleaning method. Heating and drying was carried out in such a manner to attain 
the arrival sheet-temperature of 200°C. 

[Example 8] 

[0065] The aqueous treating agent C was applied, by a roll-coating method, on the aluminum sheet material, which 
was cleaned by the above-described cleaning method. Heating and drying was carried out in such a manner to attain 
the arrival sheet-temperature of 100°C. , ; * 

[Comparative Example 1] 

[0066] The aqueous treating agent F was applied, by a roll-coating method, on the cold-rolled steel sheet material, 
which was cleaned by the above-described cleaning method. Heating and drying was carried out in such a manner to 
attain the arrival sheet-temperature of 100°C. 

[Comparative Example 2] 

[0067] The aqueous treating agent G was applied, by a roll-coating method, on the electrogalvanized steel sheet 
material, which was cleaned by the above-described cleaning method. Heating and drying was carried out in such a 
manner to attain the arrivaisheet-temperature of 1 00°C. 

[Comparative Example 3] 

[0068] The aqueous treating agent H was applied, by a roll-coating method, on the electrogalvanized steel sheet 
material, which was cleaned by the above described cleaning method. Heating and drying was carried out in such a 
manner to attain the arrival sheet-temperature of 150°C. 

[Comparative Example 4] 

[0069] The aqueous treating agent H was applied, by a roll-coating method, on the electrogalvanized steel sheet 
material, which was cleaned by the above mentioned cleaning method. Heating and drying was carried out in such a 
manner to attain the arrival sheet-temperature of 80°C. 

[Comparative Example 5] 

[0070] The aqueous treating agent H was applied, by a roll-coating method, on the electrogalvanized steel sheet 
material, which was cleaned by the above-described cleaning method. Heating and drying was carried out in such a 
manner to attain the arrival sheet-temperature of 100°C. 

[0071] For example, the surface-treatment agent compositions and the compositions of the treating liquids of Exam- 
ples 1 - 8 and Comparative Examples 1 - 5 are shown in Table 1. * 
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3. Evaluation Test Methods 

[0072] The performances of the surface-treated metallic materials obtained by the above mentioned examples and 
comparative examples were evaluated by the methods described below. 

5 

3.1. Corrosion Resistance 

a) Corrosion Resistance © 

10 [0073] In the cases where the tested materials are the steel sheets plated with zinc-containing metal (EG, Gl) and 
aluminum sheet (Al), the white-rust resistance was measured with the naked eye by the salt-spraying test (JIS Z 2371). 
The time until the white rust formed amounted to 5% of area was utilized for the evaluation. 

b) Corrosion Resistance © 

15 

[0074] In the cases where the tested material is the cold-rolled steel sheet, the testing conditions were 50°C of tem- 
perature and 957o of relative humidity. The time until the rust formed amounted to 5% of the area was utilized for the 
evaluation. 

20 3.2. Adhesiveness of the Paint Coating 

[0075] The paint was applied on the tested and surface-treated metallic material under the following conditions, and 
the adhesiveness test of the paint coating was carried out. 

25 [Paint coating conditions] 

[0076] The alkyd paint (Trade name of Dainihon Paint Co.. Ltd. - Dericon #700) coating: bar-coating method; baking 
condition - 140°C for 20 minutes; 25 ^m-thick paint coating formed. 

30 3.2. 1 . Primary Adhesiveness 

<3) Cross Cut Test 

[0077] One hundreds cross cuts 1 mm square were made by an NT cutter on the paint coating to reach the steel mate- 
35 rial. The paint coating was then peeled off with a cellophane tape. The evaluation was carried out by the residual 
number of the paint-coating squares. 

@ Cross cut Erichsen Test 

40 [0078] One hundreds cross cuts 1 mm square were made by an NT cutter on the paint coating to reach the steel mate- 
rial. Extrusion by 5 mm was carried out by an Erichsen tester. The peeling with a cellophane tape was then carried out 
on the extruded convex portion. The residual number of the paint-coating squares was utilized for the evaluation. 

3.2.2. Secondary Adhesiveness 

45 

[0079] The paint-coated sheets were immersed for two hours in boiling pure water. The same evaluation as in the 
primary adhesiveness was then carried out. 

3.2.3. Fingerprint resistance 

50 

[0080] A finger was pressed on the tested materials, and the condition of the fingerprint mark was evaluated by the 
naked eye. The evaluation results were as follows. 

©: No fingerprint mark is left at all. 

55 O : Tn e fingerprint mark left is extremely slight. 

a : The fingerprint mark left is left slight. 

X : The fingerprint mark is clearly left. 
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3.2.4. Blackening Ri^isiance .:/.-)* v tvl • V 

[0081] ^plurality 'of sheet sections were cut from a tested sheet. A pair of sheet sections were placed face-to-face. 
From five tpTten pairs were stacked and then packed with vinyl coating paper. The four corners of the stack were fas- 
tened by bolts,and 0.67kgf.cm of load was applied to the bolts by means of a torque wrench. The stacks were then held 
for 240 hours at 70°C in a wet box having 80% of relative humidity. After withdrawal from the wet box, the blackening 
condition of the stacked portions was judged by the naked eye under the following criteria. 

5: No blackening 

4: Extremely slight graying 

3: Less than 25% of blackening 

2: From 25% to less than 50% of blackening 

1 : 50% or more of blackening 

[0082] The results of the above mentioned test and evaluation are shown in Table 2. 

[0083] As is clear from the results of Table 1 , improved corrosion resistance and adhesiveness of the paint coating 
are exhibited in Examples 1 - 8, in which the aqueous surface-treating liquid-containing the surface-treatment agent 
composition according to the present invention is used. However, corrosion-resistance, fingerprint resistance and black- 
ening resistance were considerably poor in Comparative Example 1 , in which the pH of the aqueous treating liquid was 
outside the inventive range; in Comparative Example 2, in which a divalent or higher valent metal is not contained in the 
aqueous treating agent used in Comparative Example 3 without the silane coupling agent; in Comparative Example 4, 
in which copper ions outside the present inventive scope were used; and in Comparative Example 5, in which the water- 
soluble polymer used was outside the present inventive scope. In addition, in Comparative Example 3 without the silane 
coupling agent, the adhesiveness of the paint coating was poor. 
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55 Industrial Applicability 

[0084] The surface-treatment agent composition and the treating method according to the present invention provide 
surface treated materials having high corrosion-resistance performance by means of an aqueous treating agent free of 
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chromate. It is, therefore, possible to comply with the restrictions on the use of solvents in the future. Furthermore, the 
composition of the surface-treatment agent and the treating method according to the present invention involve no limi- 
tation as to the kind of metallic materials. It is, therefore, possible to impart to the metallic materials high rust-proof prop- 
erty and adhesiveness of paint coating, while the properties of the metallic materials are kept intact. 
5 [0085] In addition, the present invention is extremely useful as a measure for solving social problems and has major 
practical potential. 

Claims 

10 1 . A composition of surface treatment agent used for metallic material, characterized by containing the following com- 
ponents dissolved in a water-soluble medium: 



15 



20 



(A) a cationic component, which consists of divalent or higher valent metallic ions selected from the group con- 
sisting of manganese, cobalt, zinc, magnesium, nickel, iron, titanium, aluminum and zirconium; 

(B) at least one acid component selected from the group consisting of (1) fluoro-acid which contains four or 
more fluorine atoms, and one or more elements selected from the group consisting of titanium, zirconium, sil- 
icon, hafnium, aluminum and boron, (2) phosphoric acid, and (3) acetic acid; 

(C) a silane coupling-agent component which consists of one or more compounds which contain at least one 
reactive functional group selected from an amino group containing active hydrogen, an epoxy group, a vinyl 
group, a mercapto group and a methacryloxy group; 

(D) one or more water-soluble polymer components which are expressed by the following general formula (I) 
and has a polymerization degree of from 2 to 50 of the polymeric unit, 



25 



30 




(I) 



/n=2 



50 



35 



in the formula (I), X 1 bonded to the benzene ring is hydrogen atom, a hydroxyl group, an alkyl group of C 1 
40 to C 5 , a hydroxylalkyl group of C 1 to C 10 , aryl group of C 6 to C 12 . a benzyl group, a benzal group, an 

unsaturated hydrocarbon group (formula II) which condenses with said benzene ring to form a naphtha- 
lene ring, or formula III; in the formula (II) X 2 bonded to the benzene ring is hydrogen atom, a hydroxyl 
group, an aryl group of C 6 to C 12 , a benzyl group and a benzal group, 



50 



55 
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R 1 and R 2 in the formula (III) are, each or independently from one another, a hydrogen atom, a hydroxyl 
group, an alkyl group o1 C n to C 6 or a hydroxyalkyl group of C-j to C 10 , and Y 1 and Y 2 bonded to the ben- 
zene ring in the formula (I), (II) and (III) are a Z group expressed by the following formula (IV) and (V), 



R 3 



/ 



— C H 2 — N R 4 



(JT) 



/ 

-CH2 - N R 6 



/ 



C7) 



in said formula (IV) and (V) R 3 , R 4 R 5 , R 6 and R 7 are, each or independently from one another, a hydrogen 
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atom, an alkyl group of to C 5 or a hydroxyalkyl group of C t to C 10 . X 1 , Y 1 and Y 2 coupled to a benzene 
ring of said polymerization units may each be the same as or different from the X 1 , Y 1 and Y 2 coupled to 
the other benzene rings, and the value of substitution of said Z group in each benzene ring of said polymer 
molecules is from 0.2 to 1 .0 in average. 

5 

2. A composition of the surface-treatment agent used for metallic material according to claim 1 , wherein from 0.01 to 
10% by weight of said cationic component (A) is contained relative to the total solid matters of the surface-treatment 
composition. 

10 3. A composition of the surface-treatment agent used for metallic material according to claim 1 , wherein from 0.1 to 
15% by weight of said acid component (B) is contained relative to the total solid matters of the surface-treatment 
composition. 

4. A composition of the surface-treatment agent used for metallic material according to any one of claims 1 through 
15 3, wherein the weight ratio (C)/(D) of said silane-coupling agent composition (C) to said water-soluble polymer com- 
ponent (D) is from 1:10 to 10:1. 

5. A composition of the surface-treatment agent used for metallic material according to any one of claims 1 through 
4, wherein said silane-coupling agent composition (C) comprises (a) the first silane-coupling agent consisting of 

20 one or more compounds having an amino group containing one or more active hydrogen atom, and (b) the second 
silane-coupling agent consisting of one or more compounds having one or more epoxy groups. 

6. A composition of the surface-treatment agent used for metallic material according to claim 5, wherein the equiva- 
lent ratio of the active hydrogen-containing amino group contained in said first silane-coupling agent to the epoxy 

25 group contained in said second silane-coupling agent is from 3:1 to 1 :3. 

7. A composition of the surface-treatment agent used for metallic material according to any one of claims 5 and 6, 
wherein the weight ratio [(a) + (b)]/(D) of the total amount of said first silane-coupling agent (a) plus said second 
silane-coupling agent relative to said water-soluble polymer component (D) is from 5:1 to 1:5. 

30 

8. A method for treating metallic material, characterized in that an aqueous treating agent, which contains the com- 
position of the surface-treatment agent according to any one of claims 1 through 7 and, the pH of which js adjusted 
to 2.0 to 6.5, is deposited on the metallic surface and dried to form a coating having from 0.01 to 5.0g/m 2 of dry 
weight. 

35 
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